Introduction {#sec1}
============

Although migraine is a common reason for presentation to emergency departments (EDs), presence of this disorder is not sufficient to be diagnosed and treated \[[@cit0001]--[@cit0004]\]. The criteria of the International Classification of Headache Disorders-II (ICHD-II) have been found to be difficult to apply and are generally not used in the routine work-up of emergency departments, and the treatment for acute migraine attacks is usually provided with nonspecific analgesics \[[@cit0001], [@cit0002], [@cit0005]\]. At the start of migraine attacks, most migraine patients respond well to nonspecific therapy such as nonsteroidal anti-inflammatory drugs, acetaminophen plus caffeine \[[@cit0006]\]. However, migraine attacks leading to referral to EDs are usually more severe, last longer, and are relatively resistant to drugs \[[@cit0001]\]. In patients with very severe migraine attacks and not responding to nonspecific therapy, use of migraine specific drugs can be more effective \[[@cit0001], [@cit0002], [@cit0005], [@cit0007]\]. Hence, the diagnosis and appropriate treatment of migraine attacks are an important issue in ED.

Galectin-3 is a lectin-binding galactoside found widely in various tissues, both intra- and extracellular, and is expressed mostly by mast cells, neutrophils, and eosinophils. This protein has been shown to be involved in biological processes such as cell adhesion, cell differentiation, and T-cell apoptosis, as well as in the activation of intracellular signal pathways in pathologies such as acute or chronic inflammation. Galectin-3, secreted by macro- and microglial cells, contributes to the migration of neuroblasts and differentiation of oligodendrocytes during brain development \[[@cit0008]--[@cit0010]\].

High-sensitivity C-reactive protein (hsCRP), which is an acute phase reactant produced in the liver, serves as a biomarker of systemic inflammation \[[@cit0011], [@cit0012]\]. Studies on serum hsCRP levels in migraine patients have reported controversial results. Some studies have reported higher levels of hsCRP in migraine patients than in controls \[[@cit0013]--[@cit0019]\], whereas others have found no significant difference in hsCRP levels between the migraine and the control groups \[[@cit0011], [@cit0020]\].

Although neuroinflammation has been shown to have an important role in the pathogenesis of migraine, there are only a few studies on the association of migraine with serum hsCRP level \[[@cit0011], [@cit0013]--[@cit0020]\]. As far as we know, there is only one study on the association of migraine with serum galectin-3 level \[[@cit0021], [@cit0022]\]. In our study, we assessed and compared the serum levels of hsCRP, which is a biomarker of systemic inflammation, and galectin-3, which is associated with inflammation in attack- or interictal-stage migraine patients presenting to the ED and in healthy controls. The purpose of our study was to determine the diagnostic role of hsCRP and galectin-3 levels in patients presenting to the ED with an acute migraine attack.

Material and methods {#sec2}
====================

Study design, inclusion and exclusion criteria {#sec2.1}
----------------------------------------------

This prospectively planned case-control study was started after obtaining the approval of the local ethics committee. This study included age- and sex-matched 70 migraine patients and 70 controls. The migraine attack group consisted of 70 consecutive patients with previously diagnosed migraine who were admitted to the emergency room with headache and diagnosed as having migraine attack as a result of medical examination. The healthy control group consisted of hospital staff with no diagnosed migraine or chronic disease. All groups were evaluated by emergency physicians and neurologists. Data comprising demographic data of the patients, diagnosed diseases and drugs were recorded on a standard data record form.

The subjects were diagnosed for migraine by a clinical neurologist using a detailed questionnaire in accordance with the International Classification of Headache Disorders-II \[[@cit0019]\]. Questions used to define migraineurs included length and frequency of attack; pain location, type and intensity; associated symptoms such as nausea, vomiting, phonophobia, photophobia and other visual disturbances; and other neurological symptoms. The migraine patients were divided into two groups: those with aura and those without aura. Four or more attacks per month were classified as frequent attacks, and fewer attacks were classified as rare attacks. Neither control subjects nor migraineur subjects had any medical conditions or any acute or chronic pain disorders other than the migraineurs having migraine.

The criteria for exclusion from the study were the following: any systemic disorder (coronary artery disease, hepatic insufficiency, renal insufficiency, rheumatic diseases and malignancy), age under 18, acute infection, pregnancy, and use of non-steroidal anti-inflammatory or migraine medication in the previous week.

Laboratory analysis {#sec2.2}
-------------------

A specimen of 5 ml of venous blood was obtained from each subject in the patient and the control groups. The blood specimens were centrifuged at 4000 rpm for 10 min and the separated sera were placed into small tubes and stored at --80°C until the time of use. In the enzyme linked-immunosorbent assay (ELISA), the commercial kits used to determine galectin-3 and hsCRP levels were the Human Galectin-3 ELISA kit (UscnLife, Catalogue no: SEA303Hu, Wuhan, China) and the hsCRP ELISA kit (DRG Instruments GmbH, Catalogue no: EIA-3954, Germany), respectively. Both kits were used according to the recommendations of the manufacturers. The absorbances were read on an ELX800 ELISA reader spectrometrically at 450 nm. The automated washer Bio-tek ELX50 (BioTek Instruments, USA) was used as the plate washer. The values of intra- and inter-assay coefficient of variation (CV) for galectin-3 were \< 10% and \< 12%, and for hsCRP these values were \< 4.2% and \< 4.1%, respectively.

Statistical analysis {#sec2.3}
--------------------

Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS 21, Chicago, IL, USA). Results were given as mean ± standard deviation (SD). The χ^2^ test was used for non-measurable parameters. Student's *t*-test and Pearson's correlation test were used for normally distributed variables in the groups. The diagnostic efficacies of galectin-3 and hsCRP for migraine were examined with receiver operating characteristics curve (ROC) analyses. *P-*values less than 0.05 were considered significant.

Results {#sec3}
=======

The study included 70 migraine patients and 70 healthy controls with similar age and gender. The mean age of the migraine and control group was 36.6 ±9.9 years and 34.5 ±8.7 years, respectively. 71.1% of the migraine group and 72.9% of the control group were female. There was no significant difference between the two groups in terms of age and gender (*p* ≥ 0.05). Twenty-two (31.4%) patients had frequent attacks and 10 (14.3%) patients had attacks with aura. The patients had the migraine disease for a mean of 9.8 ±5.7 years.

High-sensitivity C-reactive protein and migraine {#sec3.1}
------------------------------------------------

The mean hsCRP level in migraine patients was significantly higher than that in the controls (1.67 ±0.49, 1.12 ±0.38 mg/l, respectively; *p* \< 0.001). When the diagnostic efficacy of hsCRP in the migraine attack group was assessed, at a cut-off value of 1.32 mg/l, the sensitivity and specificity were determined as 70% and 73%, respectively (area under curve (AUC) = 0.805, 95% confidence interval (CI): 0.74--0.88, *p* \< 0.001).

There was no statistically significant difference between the cases with frequent attacks and cases with rare attacks in terms of the hsCRP level (1.78 ±0.53 mg/ml and 1.62 ±0.47 mg/ml, respectively, *p* = 0.18). There was no significant difference between the cases with aura and cases without aura in terms of the hsCRP level (1.85 ±0.29 mg/l and 1.64 ±0.51 mg/l, respectively; *p* = 0.19). There was no correlation between the duration of the disease and hsCRP (*r* = 0.189, *p* = 0.12) either.

Galectin-3 and migraine {#sec3.2}
-----------------------

The mean galectin-3 level in the migraine patients was higher than that in the controls (3.76 ±1.45, 2.05 ±0.29 ng/ml, respectively *p* \< 0.001). When the diagnostic efficacy of galectin-3 in the migraine attack group was assessed, at a cut-off value of 2.4 ng/ml, the sensitivity and specificity were determined as 89% and 90%, respectively (AUC = 0.97, 95% CI: 0.95--0.99, *p* \< 0.001). The ROC curves of galectin-3 and hsCRP in the migraine attack and the control groups are presented in [Figure 1](#f0001){ref-type="fig"}. Comparing their area under the ROC curve, galectin-3 was better than hsCRP in diagnostic accuracy for migraine attack (*p* \< 0.001).

![ROC curves of hsCRP and galectin-3 in migraine attack group and controls](AMS-14-27892-g001){#f0001}

There was no significant difference between the cases with aura and cases without aura in terms of the galectin-3 level (4.02 ±1.05 ng/ml and 3.72 ±1.5 ng/ml, respectively; *p* = 0.54). Furthermore, there was no statistically significant difference between the cases with frequent attacks and cases with rare attacks in terms of the galectin-3 level (3.78 ±1.61, 3.75 ±1.38, respectively; *p* = 0.94). There was no correlation between the duration of the disease and galectin-3 (*r* = 0.33, *p* = 0.77), either. The levels of galectin-3 and hsCRP in the patient and the control groups are presented in [Figures 2](#f0002){ref-type="fig"} and [3](#f0003){ref-type="fig"}.

![Serum levels of hsCRP in the migraine attack and control groups](AMS-14-27892-g002){#f0002}

![Serum levels of galectin-3 in the migraine attack and control groups](AMS-14-27892-g003){#f0003}

Discussion {#sec4}
==========

This study is the first to assess the diagnostic value of the biomarkers hsCRP and galectin-3 in migraine. We observed that galectin-3 was more specific and sensitive than hsCRP in differentiating the migraine attack group from the control group. The increased response to stimuli and activation of the primary afferent nociceptors innervating the intracranial meninges contribute to the occurrence of migraine attacks \[[@cit0023], [@cit0024]\]. Among the mediators thought to activate and sensitize nociceptors are the proinflammatory cytokines released by immune cells such as tumor necrosis factor (TNF-α), interleukin-1β, and IL-6, in addition to histamine, serotonin, and nerve growth factor. It has been shown that these mediators increase in the internal jugular vein and serum in the first hours of the migraine attack \[[@cit0023], [@cit0025]\]. The activation of immune cells such as macrophages and mast cells may be the critical step in providing oversensitivity in the nociceptors \[[@cit0025]\].

Galectin-3 is a β-galactoside-binding lectin of about 30 kDa weight \[[@cit0026]\]. It is associated with fibrosis, inflammation, and proliferation, and plays an important role in chronic inflammation \[[@cit0026]--[@cit0028]\]. Elevated galectin-3 levels in the blood circulation have been found to be associated with various disorders such as cancer, immunocompromised states, and cardiovascular diseases \[[@cit0027]\]. It has been reported that serum galectin-3 increases in inflammation and infections \[[@cit0009]\]. There is increased expression of galectin-3 in streptococcal pneumonia, hepatitis B infection, hepatocellular carcinoma, hepatic cirrhosis, lung injury due to radiation, and chronic pancreatitis \[[@cit0026]\].

Neuroinflammation plays an important role in the pathogenesis of migraine disease. Galectin-3 is an important pro-inflammatory mediator associated with acute and chronic inflammation. Recent studies have shown that galectins play a key role in neuroinflammation. In their study on 59 migraine patients, Yücel *et al.* \[[@cit0021]\] reported that galectin-3 levels in migraine patients are significantly higher than those in the controls, and that there is no significant difference in galectin-3 levels between attacks with and without aura. We also found that the galectin-3 level was higher in the migraine patients than in the controls, and that there was no statistically significant difference in the galectin-3 level between patients with frequent attacks and rare attacks, or between patients with aura and without aura. We observed no correlation between the duration of the migraine disease and galectin-3. The test for galectin-3 in patients presenting with migraine attack showed sensitivity and specificity of 89% and 90%, respectively. The results indicate that the serum galectin-3 level is a good biomarker in migraine patients with attack presenting to the ED.

High-sensitivity C-reactive protein is a potential biomarker of systemic inflammation and a non-specific acute phase reactant in infection, inflammation, and various forms of tissue injury \[[@cit0013]--[@cit0015], [@cit0029]\]. In their study on 125 female patients with migraine, Tietjen *et al.* \[[@cit0013]\] found that the hsCRP levels in migraine patients were higher than those in the controls and in patients with aura than in patients without aura, but with no significant difference. In their study on 50 young adult patients with migraine, Vanmolkot and Hoon \[[@cit0014]\] reported higher levels of hsCRP in the patient group when compared to controls, and stated that this higher value of hsCRP demonstrates the probable role of inflammation in migraine. Similarly, Avci *et al.* \[[@cit0017]\] and Tanik *et al.* \[[@cit0018]\] found that the hsCRP level in migraine patients was higher compared to the control group. Analyzing 17 different studies, Lippi *et al.* found that the hsCRP level in migraine patients was significantly higher compared to the control groups \[[@cit0019]\]. Salehi *et al.* \[[@cit0015]\] observed higher levels of CRP in migraine patients than in healthy controls. Scher *et al.* found no difference between migraine patients and healthy controls in terms of the CRP levels. Salehi *et al.* \[[@cit0015]\] claimed that the difference in hsCRP levels may change according to different populations studied and may be due to differences in the criteria of inclusion and exclusion. Welch *et al.* \[[@cit0016]\] found high levels of hsCRP in 60 migraine patients. Güldiken *et al.* \[[@cit0011]\] in their study on 50 migraine patients found no significant elevation of hsCRP in the patients when compared with the controls and no significant association of hsCRP with the attack frequency. In our study, we found that hsCRP was significantly higher in migraine patients than in controls. We found no significant association between the hsCRP level and attacks with and without aura and no correlation between the duration of the disease and hsCRP, either. Furthermore, there was no statistically significant difference between the patients with frequent attacks and patients with rare attacks in terms of the hsCRP level. In the migraine attack group, the sensitivity and specificity of hsCRP were 70% and 73%, respectively.

Although migraine, the most widespread cause of headache in young adults, is one of the frequent reasons for presentation to emergency departments (ED), studies have shown that the limited information about the pathophysiology of this disorder may lead to diagnostic and therapeutic challenges. The doctors at the EDs are generally focused on excluding life-threatening causes of secondary headache and do not often use the criteria of ICHD-II. Furthermore, in the EDs, the need for prophylaxis is overlooked, and most of the patients are discharged without receiving a discharge diagnosis and prescription of recommended medications. This situation leads to the insufficient treatment of migraine patients at the EDs and recurrent emergency presentations, as well as having negative implications for the patient's life and socio-economic status \[[@cit0001]--[@cit0005], [@cit0030]\]. The use of a biochemical marker in addition to the characteristics and neurologic features of headache might be beneficial in the diagnosis of acute migraine at EDs, which, as a result, might lead to proper treatment and reduce the frequency of admission to EDs by providing prophylactic treatment

This study has some limitations. We found a difference between biomarker (hsCRP and galectin-3) levels between migraineurs and control subjects. Larger and prospective studies are needed to investigate their probable role as biomarkers of migraine. Another limitation is that we did not follow the migraineurs and control subjects in the days following the evaluation. Additionally, this study included only migraine patients who were compared with controls. Patients with other causes of primary or secondary headache were not included in this study. We are of the opinion that more comprehensive studies on the diagnosis of migraine with inclusion of other headache groups are required.

In conclusion, in this study, we found that hsCRP and galectin-3, two biomarkers playing an important role in inflammation, displayed higher levels in migraine patients than in the controls. However, we believe that more comprehensive studies should be performed in order to determine the suitability of both markers in the diagnosis of migraine.
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